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Abstract. This paper presents some of the results obtained in the experiences carried 
out within the sugar beet experimental field located close to Cluj-Napoca city, in Viisoara 
village. In the agricultural year 2007 – 2008, one conducted several researches on sugar 
beet fermentation process in order to obtain bioethanol, using sugar beet as main biological 
raw material. The biotechnology for obtaining alcohol out of sugar beet was developed on 
three stages: - sugar beet preparation for fermentation; - yeast cultures obtaining; - sugar 
beet leaven fermentation. The ethanol samples obtained from each of the experimental lots of 
the experimental field have been analyzed in the Environmental Analysis Laboratory from 
the Research Institute for Analytical Instrumentation Cluj-Napoca. Therefore, one has 
determined all the characteristics of each bioethanol sample, according to the requirements 
of SR EN 15376 standard, in terms of using the bioethanol obtained during the carried out 
research as a component of automobile fuel, according to SR EN 228:2008 standard; one 
has also determined the superior caloric power, as well as the Motor and Research Octane 
Numbers. For an efficient alcoholic fermentation, one must comply with several conditions, 
such as: proper root grooming, before crushing, a temperature of the dilution water of 80 – 
85 oC,as well as a temperature around  30 oC inside the fermentation instalation. Further 
more the utilization of a growth factor so as to stimulate the yeasts development and of some 
nitrogen compounds during fermetation, so as to have a satisfactory rate for the obtained 
bioethanol.   
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INTRODUCTION 
 
Spirit or ethyl alcohol is a product that is obtained by distillation – refining of 
a fermented leaven. 
The name of spirit currently designates a concentrated solution of ethyl 
alcohol (ethanol) in water, reaching up to 96.6%. By usual distillation methods, one 
cannot achieve higher concentrations, due to azeotropy. The ethanol can be obtained 
by synthesis, especially from ethylene, as well as by fermentation.  
A series of yeasts metalibolize glucose in ethanol on the Embden-Meyerhof - 
Parnas cycle, in anaerobic conditions. The ideal, gross equation of the alcoholic 
fermentation by yeasts, at pH of 4…5 is the following: 
C6H12O6 +2ADP + 2Pi = CH3 – CH2OH + CO2 + 2ATP, 
with a 90 - 95% rate, due to both the glucose consumption for the synthesis of 
the yeast biomass and the generation of some by-products.  
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For an industrial fermentation, one would indicate the following yeast strains: 
Saccharomyces cerevisiae, Saccharomyces uvarum, Schizosaccharomyces pombe 
and Kluyveromyces sp. 
The fermentation process, as well as the ethanol rate depends, besides the 
yeast strain, on the medium composition, temperature, medium pH, yeast dose, 
alcohol concentration in the reaction medium, as well as on other factors.  
The medium composition influences the fermentation process through the 
content of fermentescible sugars, nutrient salts and bio-stimulators. 
The optimum fermentation temperature is of 25….30oC. Though, there are 
some yeast strains that support temperatures up to 40oC; at a higher temperature, the 
enzymatic complex of the cell is destroyed. 
Although the yeast works actively in a neutral medium, one prefers to carry 
out the fermentation process at pH= 4 - 5, for preventing the microbial infections. 
The higher the alcohol concentration in the medium, the more displaced the 
minimum limit towards higher values. Thus, at a 4.5% concentration, the minimum 
limit of pH is 1.8, while at 8.5%, the minimum limit is 3,5. During the fermentation 
process, the yeast produces acids, fact that leads to a pH decrease. 
The yeast dose influences the fermentation speed when the yeast leaven is not 
sterile, the effect being influenced by the strain particularities and the medium 
composition. In good hygiene conditions, one prefers small doses of inoculum, 
because a big initial dose of yeast determines a growth of the fermentation by-
products, especially of glycerine, together with a decrease of the nitrogen content of 
the yeast cells. 
By raising the alcohol concentration in the reaction medium, one decreases 
the yeast fermentation capacity. At concentrations of approx. 2%, the yeast 
development decreases by 10%, while over 5% the multiplication stops (BANU, 
2001). 
The technological process of alcoholic fermentation runs differently, 
depending on the raw material type, thus being differentiated donors with potential 
content of glucose, starch and cellulose. The fermentation process is followed by 
distillation and refining, processes that practically do not depend on the raw 
material. 
 
MATERIAL AND METHOD 
 
The main biological raw materials that contain glucose as such or than can 
easily be transformed in fermentescible sugars are: sugar beet, molasses, bisulphate 
lye and whey.  
Sugar beet and sugarcane, as well as fodder beet, due to their high content in 
sugars, can be easily converted in glucose and sucrose, representing economical 
sources for obtaining spirit. 
As regarding sugar beet, there are several practiced shredding techniques, such 
as: noodles cutting, crushing, washer scratching etc. The shredded product then 
undergoes an extraction by diffusion, similar to that one practiced in sugar industry, 
at temperatures of 78 - 85oC, for cell membrane plasmolyse. Thus, one obtains 
juices with 12 - 14% sucrose content. The diffusion time is approx. one hour. The 
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obtained juice is then acidulated with sulphuric acid in a rate of 0,2kg/100kg sugar 
beet. 
By boiling, the process rate improves by approx. 2%, thus being hydrolyzed 
the sugars that, through diffusion, remain in grains. Instead, the steam consumption 
grows from 6,6 up to 50kg/ 100kg sugar beet. 
The fermentation process takes place at temperatures of 25 – 30oC, for 48 - 72 
hours, with an inoculum add of approx. 1% thick suspension of yeast. Unlike other 
leavens, during fermentation, a very strong foaming process occurs, necessitating 
thus the addition of antifoams in a proportion of 0.1%. 
The raw materials used for obtaining refined alcohol can be sorted into 
classes as it follows:  
a) Starchy raw materials:  
  - Potatoes; 
  - Cereals: corn, rye, wheat, barley, oatmeal etc. 
b) Sugar raw materials:  
  - Sugar beet; 
  - Sugarcane; 
  - Fodder beet; 
  - Molasses; 
  - Fruits. 
c) Fermented raw materials: 
  - Wine; 
  - Wine sub-products: yeast, marc. 
d) Cellulosic raw materials and bisulphite lye for technical alcohol.   
e) Petroliferous raw materials for technical alcohol. 
The right progress of the technological process and the attainment of ethanol 
high rates suppose the use of some auxiliary materials as well, that will promote the 
fermentative process.  These materials are:  
a) Green malt (slade milk); 
b) Microbian enzymatic products;  
c) Nutrient salts and growth factors for yeasts; 
d) Anorganic or organic acids for acidification; 
e) Antifoams ; 
f)  Antiseptic and disinfectants. 
Sugar beet fermentation 
Generally speaking, the biotechnology for obtaining alcohol out of sugar beet 
supposes the following stages: 
 - sugar beet preparation for fermentation; 
 - yeast cultures obtaining; 
 - sugar beet leaven fermentation. 
Sugar beet preparation for fermentation 
This process comprises the following operations:  
- Washing; 
- Crushing; 
- Dilution. 
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The mature and healthy sugar beet contains: water, sucrose, pectic substances 
(protopectin), cellulose and hemicelluloses, proteic substances, nonproteic 
substances with nitrogen and nitrogen- and ash-free ones (mineral substances).  
For removing the impurities existing on the sugar beet roots, one indicates to 
wash them in washing machines using brushes or under running water, so as to raise 
the process efficiency. 
The crushing is carried out by using a beet cutting machine, a mill or a plate 
crusher, so as to achieve a very good crushing, in order to facilitate the sugar 
extraction and, furthermore, the leaven fermentation.   
The dilution is realized by using water at 80 – 850C. The water must be 
potable, with medium hardness, so as not to influence the fermentation process.  
 
RESULTS AND DISCUSSION 
 
According to the Romanian Language Explicative Dictionary – DEX, 
quality represents ‘… the whole attributes and essential features whereby a thing is 
what it is, distinguishing itself from the other things…’ so as to achieve ‘the value 
difference…’ among all these.  
If in the general definition of quality proposed by DEX one would replace 
the ‘thing’ notion with that of ‘activity’, then one could get the definition of the 
quality of an activity. According to this definition, ‘quality represents the entire 
properties of an activity, the measure in which this satisfies the society needs, the 
degree of utility and efficiency which it ensures’. During the last 10 years, the global 
quality approach has been made following the TQM European model (Total Quality 
Management) and ISO 9001 Quality Management System.  This last standard used 
in food industry, besides other systems, utilises a specific system, called HACCP. 
This is in fact a quality management system, with global recognition (FAO, WHO, 
Codex Alimentarius), whose main objective is to manufacture safe products for 
consumers.  
In 1993, the Codex Alimentarius Commission and then, World Health 
Organization in 1995, set up the control theoretical basis through HACCP, a system 
that has at its base the following principles: 
- Identification of the risks associated with food processing in all stages of the 
technological flux, their comparative assessment and the harm towards the 
consumer, description and control or preventing measures. 
- Identification in the technological flux of the critical points which, 
maintained under control, are able to prevent, to eliminate or to reduce the risk 
below acceptable limits.  
- Establishment of the critical limits that must not be exceeded, for ensuring 
that the critical control point is maintained in normal limits.  
- Establishment of the monitoring system, for assessing whether the set up 
criteria were respected.  
- Corrective actions design, when the monitoring indicates that a certain PCC 
is out of control 
- Procedures design, for checking out whether the entire HACCP meets the 
established objectives.  
- Documentation of all adopted procedures, for carrying out the HACCP plan. 
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Table1 
Control scheme on technological flux 
 
Analysis No. Operation 
Physical Biochemical Microbiological 
1 Sugar raw 
material 
analysis 
-external 
appearance; 
-contamination 
degree; 
-taste, smell, 
impurities. 
-sugar content; 
-humidity. 
  
-bacteria; 
-molds. 
 
2 Water 
analysis 
-smell, taste, 
impurities; 
-alkalinity;   
-hardness; 
- pH. 
-NTG; 
-E.coli; 
-coliform 
bacteria. 
3 Sugar beet 
mush 
analysis  
-external 
appearance; 
-taste, smell, 
impurities. 
-sugar content; 
-nitrogen (N), phosphorous 
(P) and potassium (K) 
content. 
-NTG; 
-coliform 
bacteria; 
-molds. 
4 Sweet leaven 
control 
-external 
appearance; 
-taste, smell. 
 
-extract content; 
-fermentescible 
carbohydrates content; 
-ash content; 
-P content; 
-N content; 
-Ca ions content; 
-acidity. 
-NTG; 
-wild yeast; 
-coliform 
bacteria; 
-molds. 
5 Fermented 
leaven 
control  
-external 
appearance; 
-pH. 
-acidity and pH; 
-fermentation apparent 
degree; 
- apparent extract; 
- real extract; 
-alcohol content; 
-fermentation final degree;  
-temperature. 
-culture yeast; 
-wild yeast; 
-contamination 
bacteria. 
6 Final product 
analysis 
-organoleptic 
properties: 
taste, smell, colour, 
water dilution. 
-alcoholic concentration 
determination; 
-purity appreciation; 
-total acidity; 
-esters content; 
-aldehydes content; 
-superior alcohols content; 
-methanol content. 
-NTG; 
-E.coli; 
-coliform 
bacteria; 
-yeasts; 
-molds. 
 
CONCLUSIONS 
 
The ethanol samples obtained from each of the experimental lots of the 
experimental field situated in Viişoara village have been analyzed in the 
Environmental Analysis Laboratory from the Research Institute for Analytical 
Instrumentation Cluj-Napoca. One has determined all the characteristics of each 
bioethanol sample, according to the requirements of SR EN 15376 standard, in terms 
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of using the bioethanol obtained during the carried out research as a component of 
automobile fuel, according to SR EN 228:2008 standard. Besides the binding 
characteristics specified by SR EN 15376 standards, one has also determined the 
superior caloric power, as well as the Motor and Research Octane Numbers.  
The values obtained through lab determinations allowed the formulation of the 
following conclusions:  
a) for an efficient alcoholic fermentation, one should  have in view several 
conditions, among which: 
- a proper root grooming, before crushing; 
- the temperature of the dilution water should be 80 – 85 oC, to as to intensify 
the plasmolyse; 
-  the temperature inside the fermentation instalation should be around  30 
oC, thus ensuring, on one hand, the alcoholic leaven fermentation and, on the other 
hand, the definitization of the fermentation process in a time range between 68- 72 
hours.  
b) utilization, during next experiments, of a growth factor so as to stimulate 
the yeasts development. 
c) utilization during next experiments, of some nitrogen compounds during 
fermetation, so as to have a satisfactory rate for the obtained bioethanol.   
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